This work extends a well-balanced second-order Runge-Kutta discontinuous Galerkin 
1.Introduction
In practice, free-surface flows are commonly modelled by the shallow water equations (SWE). Accurate and conservative numerical solutions to the SWE may be obtained by a high-order discretization technique in the context of a Godunov-type method [ [35] and Liang [36] revisited the method of Audusse et al. [3] and delivered an alternative formulation in the context of a MUSCL FV scheme [49] , which does not need those extra hydrostatic terms in the discretization of the fluxes and the bed slope source terms.
In the last decade, the Godunov-type methods incorporated with a Runge-Kutta (RK) discontinuous Galerkin (DG) local discretization [15, 16] [10, 24] . However, allowing violation of momentum conservation is not theoretically recommended [48] , and in practice, this issue is noticed to influence the accuracy and/or the well-balanced property of an RKDG scheme [10] . Furthermore, among these wetting and drying algorithms [7, 10, 17, 24] , no effort has been made to provide stable and accurate discretization to the friction source terms as in the FV methods [11, 12, 35, 38] .
Similar to the FV methods, RKDG schemes also employ slope limiters to remedy the numerical oscillations that may emerge around a discontinuous solution. However, slope limiting in an RKDG method is more troublesome than that in an FV scheme. Krivodonova et al. [29] and Qiu and Shu [41] showed that an FV slope limiter applied uncontrollably within an RKDG method may essentially deteriorate the order of accuracy for a smooth numerical solution and also bulk a discontinuous solution. This stipulates the necessity for localizing the slope limiting process, which is currently an ongoing research topic for the RKDG methods.
In relation to wetting and drying over irregular topographies, it is often said that a slope limiter may induce drastic numerical instabilities [10, 17] . But no factual insights are yet available.
This work therefore considers all of the above concerns while improving an FV wetting and drying technique [35] in the context of an RKDG2 scheme, which is implemented with a locally slope limiting process (RKDG2-LL). For numerical flux calculations, the non-negative (in terms of water depth) reconstruction of Riemann states described in Liang and Marche [35] is implemented and then the interface fluxes are calculated using the HLL solver [48] . These non-negatively reconstructed Riemann states are also used to, locally and temporary, regenerate the approximating coefficients defining the RKDG2 solutions of the flow variables and topography when discretizing the bed slope source terms and calculating the fluxes in the local Gaussian points. This is actually a critical step in maintaining the well-balanced and non-negative properties of the scheme. A splitting implicit scheme [12, 35] that was proposed to discretize the friction source terms in an FV scheme is further modified and extended to the current RKDG2 framework. Analytical and experimental benchmark tests are simulated to demonstrate the incapability of the globally limited RKDG2 model (denoted by RKDG2-GL) in handling certain flow conditions. Meanwhile, these test cases also validate the current RKDG2 in handling the moving wet/dry fronts over non-uniform topographies as well as revealing the benefits of using the locally limited model (referred to as RKDG2-LL) to provide more accurate and conservative predictions.
2.ImprovedRKDG2shallowflowscheme
The conceptual underpinning of RKDG methods for solving the hyperbolic conservation laws is attributed to Cockburn and Shu [51] and other co-workers (see within [15, 16] ) and is not re-considered in this work. We directly outline a well-balanced RKDG2 scheme for solving the SWE [28] and then focus on the issues related to practical hydrodynamic modelling, i.e. 
In (8) and (9), the slope coefficients with a hat symbol (e.g. iiii zz .
The associated velocities and topography approximations must be numerically evaluated from (9) and (12) 
2.4Localslopelimiting
The controlled slope coefficients (i.e. those with the hat symbol) in (9) and ( 
2.5Discretizationofthefrictionsourceterms
To avoid the possible numerical instability induced by the inclusion of the friction terms [38] , these terms should not be explicitly discretized in (7) and (8) 
Hence, the well-balanced solutions are ensured in the dry zones. 
4.Numericalresultsanddiscussions
This section validates the present RKDG2 algorithm and meanwhile assesses the importance of the local slope limiting in practical flow simulations. For these purposes, the numerical codes are used to simulate several challenging wet or dry-bed test cases involving steady and unsteady shallow flows over continuous/discontinuous topographies with/without friction. 
4.1.Quiescentflowtestwithwet/dryfronts
We consider a quiescent flow test case in a 1500m long frictionless domain with an irregular topographic profile that contains non-differentiable points [28] . The domain is first assumed Fig. 3c ) and the RKDG2-GL output is apparently divergent from the analytical solution at certain locations (see Fig. 3dalso notice the difference between the q-axis scales). However, although it is not illustrated here, it is important to note that the RKDG2-GL calculation of discharge tends to significantly improve with increasing grid refinement (e.g. N 80). While proving the capability of the current RKDG2 scheme in handling general steady flow problems, the test also provides an insight on the inability of a global limiter in conserving momentum. Table 1 and Table 2 detector sometimes tends to overlook a weak discontinuity. In contrast, the upstream propagating discontinuity kink is much better handled. Also in Fig. 4 , the RKDG2-GL calculations are plotted using a thin dashed line to reveal the much less accurate results produced by the GL when modelling this vacuum-type flow. Table 4b : L Error and order of accuracy at t = T: Oscillatory lake with friction effects. Table 3 and Table 4 that the present RKDG2-LL scheme is again able to reach second-order accuracy for both flow variables. Specifically, this test involves wetting and drying as well as non-zero source terms for both topography and friction. This indicates that the proposed splitting implicit discretization approach for friction terms and the wetting and drying treatment do not affect the overall second-order accuracy of the numerical scheme as well as the momentum conservation. 
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